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Abstract-The effects of the tricyclic antidepressants desipramine HCI and chlorimipramine HCI on buprenorphine HCI antinociceptive activity were studied in mice using the hot-plate and the tail-flick methods.
In the hot-plate test, desipramine caused a transient antinociceptive effect at low doses, but it decreased buprenorphine analgesia. Chlorimipramine in this test caused a more sustained antinociceptive effect, especially at relatively higher doses, and it did not significantly change buprenorphine analgesia.
In the tail-flick test, desipramine either reduced or increased the tail-flick latency in a dose-specific manner, and chlorimipramine (10 mg/kg) significantly increased the tail-flick latency.
Desipramine (1 mg/kg) caused a decrease followed by an increase in buprenorphine analgesia. Desipramine (5 and 10 mg/kg) caused significant increases in buprenorphine analgesia. All doses of chlorimipramine (1, 5 and 10 mg/kg) caused significant increases in buprenorphine analgesia. Thus, depending on the test employed, buprenorphine analgesia was modified differently by these tricyclics.
Biochemical data suggested a greater role for brain 5-hydroxytryptamine (5-HT) than noradrenaline in tricyclic analgesia.
The relationship of brain monoamines to the 'analgesic' effect of morphine has been widely investigated. Of the biogenic amines, 5-HT brain levels have been implicated in morphine analgesia (1-3). Some other investigators, however, were of the opinion that the brain catecholamines may modify morphine analgesia (4, 5). Various surgical, pharmacological electrophysiological and dietary manipulations of brain monoamines have been employed to elucidate the possible role of them in analgesia. One of the phar macological methods which has been employed is the use of monoamine reuptake inhibitors in the brain. Indeed, there is some evidence that tricyclic antidepressants may induce analgesia (6) at low doses (7). Of the tricyclics, desipramine inhibits nor adrenaline reuptake, and chlorimipramine inhibits 5-HT reuptake (8). Thus, they could be used as tools to examine directly the role of the brain monoamines uptake on analgesia.
Buprenorphine is a relatively new analgesic whose interactions with other drugs were scarcely investigated. It is 20-80 times more potent than morphine and 120-550 times more potent than pentazocine as analgesic in animals (9). It is an antagonist qualitatively different from nalorphine and pentazocine. It shows greater resemblance to morphine than these agents (9).
It is felt that information about the inter actions between buprenorphine and tricyclic antidepressants is needed. For this reason, the effects of desipramine and chlorimipramine on buprenorphine analgesia in the mouse were investigated.
Materials and Methods
Male albino mice (30-35 g) obtained from King Saud University, College of Pharmacy Colony, were used. Analgesia was measured by two methods:
a) The hot-plate method: Analgesia was measured by the hot-plate reaction time test of Eddy and Leimbach (10). The hot-plate was hollow metal which was uniformly heated by water from a thermostatically controlled water bath. The hot-plate surface was kept at 55±0.5°C.
The animals were placed individually on the hot-plate, and the reaction time to the noxious stimulus was measured. Licking of paws or jumping was taken as the end point. A cut-off reaction time of 30 sec was used in order to avoid tissue injury. Reaction time was measured for all animals, 15 min before any drug treat ment; the mean reaction time was considered as 100%, and reaction time after drug treat ment was calculated relative to this value. The animals which scored a control reaction time of more than 10 sec were not used. Reaction times were obtained 15 min after drug administration and thereafter at intervals of 30 min. Groups of 8 animals were used.
b) The tail-flick method: The method employed was basically that of D'Amour and Smith (11 ). The tail-flick analgesimeter (Model DS 20, Apelex, France) is basically a source of heat (100 watt bulb). It concen trates a light beam onto the sensitive surface of a photocell by means of a parabolic reflector. The tail of an unrestrained animal was placed on the sensitive surface of the photocell.
When the animal flicks its tail away from the photocell, the light beam goes off. The time from placing the animal's tail on the sensitive surface of the photocell till it was flicked was considered as the tail flick latency. A 30 sec cut-off time was used to preclude tissue damage. Measurement of tail flick latency was performed 15 min before drug administration and 45, 75 and 105 min after its administration.
Groups of 6 animals were used. Tissue determinations Tissue monoamines were determined by the spectrophotofluorimetric method of Welch and Welch (12). Individual whole mouse brains or spinal cords were assayed, using the same aliquot of homogenate for the two monoamines noradrenaline and 5-HT. Animals were treated with drug or saline, and subjects were killed by decapitation 105 min after drug treatments. The brain or the spinal cord were rapidly exposed and removed and frozen with Histo-Freeze (pure fluorocarbon 12 (dichlorodifluoromethane), Fisher brand) for subsequent amine determinations. Drugs Drugs used were buprenorphine hydro chloride (Reckit and Colman), desipramine hydrochloride (Ciba-Geigy) and chlorimi pramine hydrochloride (Ciba-Geigy). All drugs were dissolved in saline. Doses were expressed as the salt. The tricyclics were given by the i.p. route; and wherever ap plicable, they were given half an hour before buprenorphine.
The latter drug was injected Chlorimipramine at 5 and 10 mg/kg showed significant antinociceptive effects at 105 and 135 min after its administration (Fig.  2) . The smaller dose of 1 mg/kg was only significantly effective at 135 min after its administration. Figure 3 shows the effects of 0.5, 1 and 2 mg/kg buprenorphine on the hot-plate reaction time. A clear-cut antinociceptive effect started at 1 5 min after its administration and was persistent throughout the 2 hr thereafter.
Except for the smaller dose of 0.5 mg/kg, the peak of the antinociceptive effect appeared 75 min after buprenorphine administration. Fig. 4 . It is clear that the smaller dose of desipramine (1 mg/kg) significantly reduced the antinociceptive activity of buprenorphine 45 min after its administration. Also, the dose of 5 mg/kg significantly reduced the anti nociceptive activity of buprenorphine, but only at 105 min, i.e., 75 min after bupre norphine administration (time of its peak effect). However, desipramine (10 mg/kg), which was without antinociceptive activity of its own, showed the greatest reduction in buprenorphine antinociceptive activity, namely, at time-intervals of 45, 75 and 105 min. Fig. 4 . Effects of desipramine (1, 5 and 10 mg/kg , i.p.) on buprenorphine (1 mg/kg, s.c.) analgesia. Desipramine was given at time 0 min, and bupre norphine was injected at time 30 min. Other details as in Fig. 1 . Table 2 . Antinociceptive activity of buprenorphine HCI (1 mg/kg) after pretreatment with desipramine HCI and ch!orimipramine HCl in mice, using the tail-flick method b) The tail-flick test: Table 2 (Fig. 5) . The higher dose of 10 mg/kg did not affect the antinociceptive activity of buprenorphine. b) The tail-flick test: As seen from Table 2 , chlorimipramine caused marked increases in the antinociceptive effect of buprenorphine at all doses tested and at all time intervals. In most cases, the animals reached the predetermined cut-off time without sensation of the noxious stimulus. Tissue monoamines Table 3 summarizes the effect of desipra mine and chlorimipramine on the monoamine content of mouse whole brain and spinal cord. Only the higher dose of desipramine (i.e., 10 mg/kg) caused a significant rise in brain noradrenaline level. The same dose caused a significant fall in spinal cord noradrenaline content. Desipramine, however, was without any effect on 5-HT content in either tissue.
Chlorimipramine, on the other hand, affected only 5-HT content, and this was only observed at the dose of 10 mg/kg which caused a significant rise in the brain but not the spinal cord content of this monoamine. (1 mg/kg, s.c.) analgesia. chlorimipramine was given at 0 min and buprenorphine was injected at time 30 min. Other details as in Fig. 1 . 
Discussion
The results of the present study demon strate that the tricyclic antidepressants desipramine and chlorimipramine affect nociception in mice. Both drugs increased the hot-plate reaction time, but desipramine in a higher dose of 10 mg/kg did not significantly increase the hot-plate reaction time. In the tail-flick test, pain perception was reduced by 5 mg/kg desipramine, but it was increased by the higher dose of 10 mg/kg, and 1 mg/kg desipramine did not affect the tail-flick latency. Chlorimipramine on the other hand, exerted a significant antinociceptive effect in the latter test, only at the higher dose of 10 mg/kg. Thus it appears that the tricyclics possess an antinociceptive effect of their own. Desipramine analgesia was seen at relatively small doses, and it disappeared or reversed at a higher dose of 10 mg/kg. Chlorimipramine analgesia was clearly observed at the higher dose of 10 mg/kg, though it was also seen at the smaller doses used in this study by using the hot-plate test. The results of this study are in contrast to the findings of Gonzalez et al. (13) and Spencer (1) who either could not demonstrate or only observed only a weak antinociceptive activity of the tricyclics in mice. Differences in results could be attributed to the use of different testing procedures, different strains of mice, different laboratories and many other factors.
There was also some evidence that 5-HT plays a more significant role on analgesia than noradrenaline.
Desipramine (noradre naline reuptake inhibitor) caused a transient antinociceptive effect at low doses in the hot plate test. This effect was not observed after a relatively higher dose of 10 mg/kg and was even reversed in the tail-flick test. Chlorimi pramine (5-HT reuptake inhibitor), on the other hand, caused an antinociceptive effect which was more sustained than that of desipramine. Chlorimipramine antinociceptive activity was more prominent at relatively higher doses.
Moreover, fluoxetine (5-HT reuptake inhibitor) has previously been shown to induce analgesia (14) . The biochemical results demonstrated that the brain level of noradrenaline was increased by desipramine (10 mg/kg) whilst chlorimipramine (10 mg/ kg) increased the brain level of 5-HT. This supports the idea that tryptaminergic mecha nisms in the brain play an important role in analgesia. The spinal cord monoamine levels are not a sufficient prerequisite for tricyclic analgesia as it appeared from the results of the present study. Spinal cord noradrenaline was decreased by the dose of desipramine that either did not affect nociception in the hot plate test or increased it in the tail-flick test. Also, this dose of desipramine caused opposite effects on noradrenaline levels in the brain and the spinal cord, whereas chlorimipramine was without any effect on spinal cord 5-HT level, though it has affected the brain content of this monoamine.
Considering the interaction between the tricyclics and buprenorphine, it was found that the tricyclics decreased buprenorphine analgesia when the hot-plate test was used, but they potentiated buprenorphine analgesia in the tail-flick test. Exceptions to these findings were desipramine (1 mg/kg), which either caused a decrease followed by an increase in tail flick latency, and chlor imipramine (10 mg/kg), which did not change the hot-plate reaction time. The results of the tail-flick test were what was expected because both the tricyclics and buprenorphine possess analgesic activity; and predictably, the con current administration of either of the tricyclics with buprenorphine should have an additive effect or cause potentiation of the tail-flick latency.
The discrepancies between the results of the two tests are not easy to explain. It has been indicated that the mouse hot-plate test does not consistently respond to any drug group except the opiate narcotic agonists (1 ). Also, since the opiate analgesics may also exert antidepressant activity (15), an exaggerated antidepressant effect may have resulted from the tricyclic-buprenorphine combination which caused the animals to be aware of the source of the noxious stimulus in the hot-plate test and hence they jumped up once they were placed on the hot-plate. This perhaps was not the case in the tail-flick test where animals were not able to see the source of the noxious stimulus which was subjected only onto their tails.
Like buprenorphine, the analgesic action of morphine (16) and of methadone (17) have been reported to be potentiated with desi pramine, but the analgesic action of pen tazocine was not potentiated by this tricyclic (13). The potentiation of the analgesic action of methadone was attributed to inhibition of its metabolism by desipramine (17). It is probable that the same mechanism may be responsible for the potentiation of bupre norphine analgesia by the tricyclic, and this is now under investigation at this institute.
It can be concluded from the present study that tricyclic drugs exert an antinociceptive effect of their own and that the 5-HT re uptake inhibitor chlorimipramine has a more pronounced antinociceptive effect than the noradrenaline reuptake inhibitor decip ramine.
Both tricyclics potentiate desi pramine analgesia, and once again, chlorimipramine has a greater effect in that respect than desipramine. The tricyclics have been used to relieve depression accompany ing pain. The results of this study suggest that the tricyclics which inhibit 5-HT reuptake could be more useful in relieving pain than those which inhibit noradrenaline reuptake when they are used in conjunction with buprenorphine.
